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ABSTRACT

High quality infrared spectra of the radical tons of

benzophenone. anthracene and tetracyanoethylene were recorded

during electrolysis of the substrates at a platinum electrode

using reflectance techniques in a Fourier transform infrared

spectrometer. Evidence of adsorption of benzophenone was
VIBRATIONAL SPECTROSCOPY OF THE EL.CTMU)UE-SOLUTIUN INTEKFACE. indicated, whereas simple ion spectra were observed for

11. USE OF POUKIEk TRANSFOIRq SPECTROSCOPY FORi RECORUINf; anthracene and tetracyanoethylene. Versatility of the technique

IR SPECTRA OF RADICAL ION ITtRHEDIATI3 Is discussed.
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The investigation Of heterogeneous ind hoso feOuk, electro., prepared saltsi of stble radical ions (5). and crossed ouiecular

processes by infrared coupled setei.tchmcitechniques beam~f C-codeatin te ,n ue S-i It the radicals 4A

has been reportedl. Thus Work On the electrosorption ot methanol Intereit can be generated eleccrhoimicaiiy. then It 1s likely,

on platinum electrodes (1). Aubarbea hydrogen on platinum (2,3), using the technique, described herein, that their infrared spectra

studies Of the platinum-acetolkitrile interface, 14) adsorption of May be recorded With minimal experimental effort. The

acrylonitrile (5), and changes in the water structure at metal traditional problem of strong solvent absorption is minimized by

electrodes (33,) has been completed. n~ig rasoaily thin layers at solution andl efficient software

The use of Fourier transform infrared spectrometers has subtraction ruie viabewt otcomrilkl

proven to be a convenient rapid method for obtaining infrared instruments.

spectral differences between two polarization potentials at an

electrode interface 14). we report here the ease with which the

vibrational spectra of free radical Ions may b~e observed using ITfiN Spect ruscopy and Electrochemical Generation of ions

this technique. Traditionally, it has been rather difficult to spectra were recorded on a ilicolet 115 Fourier transform

obtain free radical iOn spectra in the Infrared region for infrared spectrometer With a tyke A mercury-cadmium-t ILlucride

obvious reasons of sample handling and the largje lii absorptions solid state 75 Cooled detector. Lkght was polarized by a9

of the common solvents used when generating ion radicals. Cambridge optical polarizer mounted before the Cell. Potential

Conventional techniques used to observe s"Ch spectra include co- programs were generated at the electrode by a MI-TEE UOTZIUI

condensation Of the varent molecule &Ali alkali metal atom onto potentiostat and PPRIl waveform, generator. The spectra were taken

infrared transparent windows (7), insamination of skills of alter nlear steady state conditions had been reached at the

I appropriate potential. Synchronization between the application

of the potential step and the beginning of the spectral data

1. D. Baean, A. Se..ick. K. Kunieatsuk, and C. Lamy. J.* collection was made by tspping the TlL signal accomanying the
tiectroanal. Chem.. 12i1. filial) (4).

2. A. hewick, IL. tunimatiiu, J. hobitnoon . and J. Isubseli, J. beginning of data collection at the kicolet "3 converter A
1icraa. Chem. ifS 311081) 015. A. bewick and 1.5.

ku,'eif. J. tIectroanal. Ch... 132 315533) 235. applying the asinal to a 741)4 down counter. Thus the waveform
i. A. . Ivk an K. inisatsu, klir7-.e Science Jl (lgau) 131.
4. T. Lkavideon, Sbtanley i-ons. A. bewici, and P'.P. ichaidt, J.

k letroanal. Chem. Id% (11513 J37. ________

1. A. bewick end C. (li~nin preparationt.
6. A. liewick aisi J.S. Hshiell, in preparcation. 'A. P.C. Li. J.P. Lawvlin. and N.A. Pohi, J. Mhy&. Chem. 1
7. See for enlaopie J. stanley. Ui. Saitih, a. Latimer, and J.P. 41-0.2) ladis.

bevltn, J. Phys. Chem. 1U 3(5553 lJUI. 10. J.C. "-C..ce U. Saki., V. youli, and J.P. DeIanI. J. Phys.
U. Se. for eeieA. Uiia.nu, k. b.41., and L.. Lill-A. L5s.Ch 113(171 495.

Phys. Lett .3 315743 4,.4 ii. J.J. iiuniei a..d J.i'. beelin. J. Chem. phys. Al i5h LV11 7!-.
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generator could be triggered at chosen sweep increments. Further light was polarised such that the plane of the electric field

details ace given elsewhere (12). vector was perpendicular to the surface of' the electrode ip-

Solvents ad Chemicals polarized With respect to the plane of incidence). The thickness

of the solution layer was 1.0 microns. The corresponding
Acetonitrile (Caledon I4PLC grade, 0.003% water) was used

transmission spectrum of bensophenone in the sao* cell
without further purification. Benzophenone (Aldrichl was vacuum

arrangument is shown in Figure Ia. As will be discussed later.

sublimed twice before use. Anthracene (Aldrich) was used as
bands eatending downward (Figure ib) correspontd to increased

received, and tetracyanoethylene was recrystallized twice from absorbnce at the higher potential (-2.15 VP, witle peaks
chlorobensene. All solutions were degassed with aryon before

extending upward correspond to decreased absorbance at the higheruse.
potential. Thus the downward estending bands correspond to

Tetrabutylamonium tetrafluoroborate (TUAI) (131 was the

supporting electrolyte used In all solutions. gabsorbance due to the anion radical, while the upward estending

bends correspond to disappearance of the substrate bensophenone

Cells, mounts and Electrodes as it is reduced to form the anion radical. Table I lists

The details of the cells and associated mountings have been absorbance bands observed and compares them with literature

described elsewhere (12). In these experiments a polished values. blight difterences in waVwnumber is attributed to

platinum mirror electrode was used, and the reference electrode solvent effects (the literature values were determined in carbon

mae Ag/Ag* (0.01 N in 0.10 N tetrabutylasmonum tetrachloride (bensophenone) an tetrhydrofuren (bensophenone

tetrafluoroborate). ketyl anion :adicalfl. There is a very yood correlation between

this work and reported values. escvpt for the weakest bands. No
KZSULT3 *attempt was made to enhance the signal to noime by further signal

The differential reflectance IVlR spectrum of a 10 an averaging. The reported spectra were the average of 40 ecans

solution of bensophenone in acetonitrLle (0.1 TlOAF) at a (about 5 minutes).

platnm mirror electrode is shown in Figure lb. The potential The bond at 1464 co-I in Figure lb has not been previously

limits were -1.?S V and -2.50 V ws the Ag/Ag
+ 

reference. The reported for the bensophenone ketyl anion radlcal. If the

solution thickness is increased to 20 microns. and the

benzophenone in the thin layer of solution .is 90% reduced to the

12. A. Iewick. R. Xunimateu. S. Pons, and J. kussell. Anal. ketyl structure, the difference Spectrums hs a greatly enhanced
CheM.,* submitted.

13. h. Lund and P. Iverson in N4. aiser, ea., OUCdrn¢c intensity and it is not possible to detect the band at 1464
tlect1ochemistry. Narcel Iekkt, Nev York. 197).
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t"
. The 144 cm-I band is also absent from the setrim It o to r rttlectilon studies at me. interftces. ir t. s-ol id

light polarization is changed by yu to the s-poLarivdo t . A light has an almost taro electric iVd intensity at the surface

comparison 0t the p-polaciaed spectrum with an a-polatized of the metal esipecially at lIN vellenqjth, .. 'a Lnertt tafltKt

spectrum is shown in Figure 2. We note changes in bandwidths and Literact With dipole oscillators o any Orientation thdL eight

Intensities of the bands as a function of polarization, a&n exist at that surface, i.e. s-polarized radiation Is oblinda to

wavelength. adsorbed species. second, p-poLarLWd light Will interACt With

Figures 3& and 3b show the s
1
ectrum 0t anthracene and the dipole oscillators eicountted in solution, and a1s0 dipole

dite.aence spectrum of anthracene between -i.% V and -2.5 V oscillators at the metal surtac oriented such that the dipole

respctiv-Ly. The light was p-polraized end the Solution derivative with respect to the noral coordinate, ±.'/.ul, has a

thickness was 14 sirons. The solvent and other parameters were non-zero component perpendicular to the electrode surface. i.e.

the eaf as noted above tot benzophenone. p-polarized radiation sees adsorbed species but the absorption

Figure 4a and 4b show the results tot the tetracyainoethylene bands observed depend upon the orientation O the molecule (6).

MCNE) System. the modulation region was *Q.25 V to -u.25 V. Third, for s-polarlied lights the Spectra observed MAy Posses

The solution thicKtess was 17 microns. features frots: ta) absorption by species present in the bulk

solution as the IN beam is transmitted through It, rellected Ott

the electrode, and transmitted back through the solution againi.

Care must be taken when interpreting di terence spectra. In (I) internal reflectance absorption at the ntertace betwe i fthe

Figur-s 3 and 4, whae the extinction coelciensLQ of the inner face 0± the window and the bulk SOLution. This latter

products Lthe anion radicals o1 anthracene and affect is rather complex Ana can lead to Severe distortion at the

trtacyanoethyleneI are apparently much greater than the normal spectra. Many *&splea at this phenomenon have been

reactants (II then tom results are quite straightforward. T'ie reported (14), and it is Apparent that tor the purposes herein.

resulting difference spectra closely resemble pure absorption it Is very ditLicult to Obtain quantitative data trom Spectra

spectrea o the Species formed at the more neqdtive potential. in obtained with s-polarized light.

Spectra Where the extinction Coe licient o± reactant and product Thus there are two simple way an wh Ich to distinguish

e u aout the same iMure 11, the RpCtra ay iA be Wt complex. between the spectra Ot Intermediates that are adsorbed at the

A discuasion o± thee eftiects haS been sade pruvibuily (12).

Theee ar@ several considerations that need to be made when__

interpreting the results 01 experiments that ale polarixea ighbt 14. h.. tot example N.J. Harr..k. *Internal Utieuoction

:iprctroict.py * Nnesiev ew Wurk, lV47.
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electrode surface and free in the thin layer of solution. Ti. The differential reflectance spectrum recorded during the

former will give bands only with p-polarized radiation. whereas reduction of tetracyanoethylene TCNE) in scetonitrile at a

the latter will show no partiality towards either polarization platinum electrode is shown In Fiqure .. The positive bonds due

state. The other test is the comparison between the spectra to disappearance of the 1%N substrate at the more negative

obtained for following the generation of smller quantities of potential are not visible. This is because the sensitivity of

Intermediate and *,ch larger amounts. The fomer will have the tran mission scale has been decreased to accoodate the full

significant contributions from both adsorbed and non-adsorbed amplitude of the bands at 2117 cm- and 2145 cm-1. The band at

species, while the latter will show bands of greatly increased 2148 cm
1 

is almost 104 times larger then is predicted from a

intensity for the non-adsorbed species with little or no Increase simple beer's law calculation for the total amount of TCWt anion

In the bands from the adsorbed state. It is also important to that haa been found during the potential step. The weaker band

note that. in general, only some of the bands from an adsorbed at 2187 CE
- 1 

corresponds closely to an assignment made by Devlin

species will be expected at the same frequency as those ot the et at to the -CW stretch which has been charge transfer enhanced

corresponding non-adorbed speciesl others will be shifted due to by formation of a complex between the anion radical and a surface

the perturbation in structure end bonding accomp .ying the platinum atom. The stronger band increases markedly with an

interaction with. the atoms in the metallic sur. *. ln the came increase in the cell thin layer gap, and is therefore due to

of bensophono. .' * these effects are observ-d and it is clear solution free -CtN fundamental stretch, enhanced most likely by

that the anion rcical is present in both the adsorbed and the the formation of an electron donor-acceptor complex between the

non-adsorbed state. Two new bands, a strong nbsor;Ption at 1464 anion radical and neutral TCW. This point will to the subject

cm
" 1 

and a weaker absorption at 1340 cm-, are observed for the of a forthcoming paper.

adsorbed anion radical. The former is almost certainly the COCLUSiOUS

carbonyl stretch of the adsorbed species (shifted from ltS cm
- 1 )

and the latter is at the position expected for the combination The technique described is a very powerful new method for

band from the carbonyl stretch and the symtrical stretch of the the rapid recording of the spectra ot radical ton and other

aromatic ring 1Ib). It is to be concluded, therefors, that the intermediates. The method is capable of detecting spectra from

anion radical on the electrode surface is adsorbed via the short-lived species that could not otherwise be obtained. modern

carbonyl group, as would be expected. oltamtric measurements MiRn techniques include time resolved modos which will enable

using a Pt electrode also support the conclusion that adsorbed kinetic and mechanistic Information to be obtained for unstable

anion radical is present. Intermediates. This will be the sub)ect of a torthcom!ng report.

K1____--"
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1. a) Tronsmssiaot eectrum of bensophenoflne. b) Differentia l)

(C)MlIR spectrum of bensophenone between .- 1.7S V and -2.SU V. _ _ __

2. Te differential pectcum o benzophonOne with 9- and p-
FKIarized lig~ht. t" -- 0

. a) fransainsion spectrum of anthracene. b) Difterential MIN 71"

soctrun of anthrecene between -1.5 V and -2.5 V.

4. a) rtaneission spectrum of ITN
v-
. b) Differential MTIR -

spectrum of TCHE between +0.25 V and -0.25 V. 
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